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ABSTRACT

A study is made of thunderstorm occurrence and persistence at Cape
Kennedy, Florida, during the period January 1957 through December
1962. Hourly and special observations are considered.

Occurrence is noted by:
1. Each hour of the day
2. Four-hour periods of the day
3. Eight-hour overlapping periods of the day
4, The 24-hour period 0000E - 2359E

Persistence is counted from the first day of the sequence to the
final day. The longest sequence encountered in the 8-hour group-
ings is 12 days. In the single hour groupings the longest sequence
is 7 days.

Application of two models to this problem is discussed. Chi-Square
and Kolmogorov-Smirnov tests are used to test the applicability and
to choose the better model. '
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THUNDERSTORM PERSISTENCE AT CAPE KENNEDY, FLORIDA

I. Introduction

The continuing e?aluation of meteorological data affecting aerospace
operations at Cape Kennedy, Flérida is needed. The probability of
thunderstorm occurrences at Cape Kénnedy is available in the Summary of
Monthly Aerological Records (SMAR) format for each month. This summary
was prepared for the National Aeronautiés and Space Administration by
the National Weather Records Center in Asheviile, North Carolina.
Further study is now needed on the conditional probability of thunder-

storm occurrences.

II. Statement of the Problem

The initial question to be answered is, "What is the empirical proba-
bility of a thunderstorm occurring at Cape Kennedy, Florida during a

given month or season for a specified time interval?"

The thunderstorm persistency question may also be explored by changing

the time period from 1 hour to 4 and 8 hours. Given that one thunderstorm
has occurred at Cape Kennedy during a specified time period in a given
month or season, what is the empirical conditional probability of one
occurrence the following day in the same time period? What are the
empirical conditional probabilities of thunderstorm 6écurrences on the
next 2, 3,..., k days, given 1, 2,..., 1 consecutive days of thunderstorm

occurrences during the same time period?

After grouping the data in 2h-hour or daily periods thé questions are
asked: "What are the frequencies of thunderstorm occurrences by month or

season? What are the empirical conditional probabilities of thunderstorm

occurrences for the daily periods?”



The occurrence of a thunderstorm is frequently accompanied by high surface
winds and lightning. High surface wind 1is one of the critical meteorologi-

cal parameters concerning space vehicle ground operations. Thus information

is needed concerning the frequency of thunderstorm winds near the surface.

III. Source of Data

' The Surface Weather Observation Record (WBAN 10-A and B) for station 12868,
Cape Kennedy, Florida is the data source. All observations for the period
of record are included in the tabulation of thunderstorm occurrences at
Cape Kennedy. ZEach day is taken as beginning at 0000 EST and ending at
2359 EST. Januvary 1957 through December 1962 is the period of record for
this report. The weather observing procedurél definition is: “A thunder-
storm is reported whenever thunder is heard at ﬁhe station within the past
15 minutes." [1] A reasonable upper limit for the audibility of thunder

is 10-15 miles. [2, 3]

IV. Data Extraction

The tables are prepared in the following manner. Observations for each
month of the 6 years of record are tallied in tables Al.l through Al.12

in the form of the number of occurrences of sequences of thunderstorms of
exactly 1 day, 2 days,..., 7 days. Only one occurrence is tallied per.time
period. If a thunderstorm occurs on the last day of the monfh, the record
of the first day of £he foilowing month is searched. If-a thunderstorm
occurred, it is tallied as a part of the sequences in the preceding month,
and the next day is checked. This operation is continued until the end of
the run is found. The N-count (total number of obsgrvations) for the months
involvéd ére adjusted‘accordingly. Thus, a run of 5 days may be found from

June 28 through July 2. In this case, a run of 5 days would be entered



for June with an N-cgunt of 32 days and the N-count for July would be
adjusted to 29 days. Table Al.13 contains the empirical probabilities
of an occurrence (f) of a thﬁnderstorm by hour, by month. These values
ére computed by dividing the total number of occurrences (g) in each
time period by the N-count (f = F/N). Tables Al.1lLk through Al.17 are
seasonal tallies of the number of occurrences of sequences of thunder-
storms of exactly 1 day, 2 days,..., 7 days. Table Al.18 contains the

empirical probabilities of an occurrence (f) of a thunderstorm by hour

and by season.

.

L

Tables A2.1 through A2.11 contain the tallied number of occurrences (Fj) \ "
of thunderstorm sequences of exactly 1l day, 2 days,..., 12 days per h—hour,%zxq;;/
8-hour, and 24-hour (daily) periods by month and season. The frequencies é‘ﬁ'“\
(F) of exactly j days are used to obtain the number of occurrences (M) of 7
sequences of the given length (i). These values are computed by the

equation:

n
M =2 [(j—i+l)(Fj)] PP
J=i

where n is the length in days of the longest sequence of thunderstorm

occurrences. ’ _ \

Tables A3.1 through A3.15 show the empirical conditional probabilities (p)
of at léaét k addifional consecutive déys with thunderstorms occurring
within the stated periods, given that at least i1 prior consecutive days
have occurred. The empirical probability (f) of at least k consecutive
days is indicated by i=0. These tables are derived by the equation

_ .

.
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p(xl1) = Mo /M

Table Ak.1l, Frequency Distribution of Maximum Wind Speeds Observed with

Thunderstorms at Cape Kennedy, 1957-1962, is obtained by examining the



record for every day on which a thunderstorm was reported. One maximum
wind speed value froﬁ hourly or special observation, from remarks or
summary of the dgy is tallied for.each day of a thunderstorm occurrence.
Circular N states [1], "In general, observed wind speeds are a l-minute
average, but may also be a 5-minute average or the fastest mile, when

the speed is determined from recording equipment." The reports of station
location and instrumentation (AWS Form 70) for the period 1957 through 1962
list two wind sensing and recording systems: An AN/GMQ-1A, located on the
roof of an inflation shelter 36 feet above ground with an Esterline Angus
graphic recorder, and a Friez Aerovane, located on the roof of an inflation
shelter 34 feef above ground with a Friez recorder, Model 141-5., There

were periods of dual instrumentation.

According to Circular N [op. cit.], "Gustiness is characterized by sudden
intermittent increases in speed, with at least 9 knots variation between
peaks and lulls. ...The peak gust is the speed of the highest gust from
the recorder charts during the 24 hours ending at midnight EST." Wind
speed values obtained from these criteria are the sources of maximum wind
speeds observed with thunderstorms. In the event no gust was recorded,
the highest reported wind speed within 30 minutes of "the thunderstorm was

used.

V. Discussion of Data

Tables of empirical conditional probabilities of sequences of thunderstorm
occurrences by specified time periods are presented in the Appendix, tables
A3.1 through A3.15. These tables are best explained-by giving two related
examplés; ‘ . )

Example 1

What is the empirical probability of a thunderstorm occurrence in



June between lEQO and 1559 EST? Table A3.4 is referred to in the

Appendix. On the line i=0 (giren no previous occurrences), under

k=1 (what is the probability of 1 additional occurrence), a proba-
bility of .333 is found.

Example 2

What is the empirical conditional probability of two additional
consecutive days of thunderstorm occurrences, given that one
thunderstorm has occurred in the summer between 1200 and 1959 EST?

Table A3.13, on the line i=1, and under k=2, provides a conditional

probability of* .393.

The comparison of observed frequencies of thunderstorm occurrences with
theoretical distributions is the next step in the discussion of data. The
two models selected are the "Persistence Series" and the "Markov Chain
Model." According to Brooks and Carruthers [4], following Eggenberger and

Polya [5], the "Persistence Series" is defined as:

1 m m(m+d') m{m+d')(m+2d') ...(wt[i-1]a")
t [ ) s PR [ ST
(240 )7 11 (e )AL 21 (raqr YO 11 (p+an)VaH
where m is the mean of the observed series and d' = cz/m ~1. The ratio

cz/m is termed the persistence factor.

The "Markov Chain Model" of the order 0, 1, or 2 can be used to describe

sequences of time-correlated weather phenomena [(7]. The zero Markov model

is constructed assuming that the probability of a thunderstorm occurrence on

a given day is independent of any previous occurrences. Thus if the proba-

bility of a thunderstorm occurring on & certain day is .100, then the
probability of a thunderstorm occurring on two days in succession is 400 X

400 = .160. The probability of a sequence of three days with thunderstorms



would be (.lLOO)3 = ,06L4. Thus, assuming a zero order Markov model, the
| : (T,

probability of a sequence of thunderstorms ©f n occurrences counting from

any giyen day is. p = [p(T) )™ !

The first order Markov model ié based on the assumption that the probability
of an occurrence of an event (thunder) given the occurrence of‘the e&ent the
previous day is constant, i.e., the occurrence of the event today is inde-
pendent of any occurrence before yesterday. The probability of a thunderstorm
is denoted by [p(T)] and the probability of a thunderstorm given that a
thunderstorm.hés occurred on the previous day is p(T[T). The probability of
two consecutive days of thunder, counting from any given day, is given by the

quation: P, = p(T) - p(T[T). Thus p = p(T) - [P(TIT)]n—l-

The secsnd order Markov model takes into account the two previous events,
assuming that today's evenﬁ is independent of any event before two days ago.
The equation for the second order Markov is a logical extension of the first
order: p = »(T) * p(T|T) * [p(T[TT)]n—2 for n > 2, where p(T| IT) is the
probability of a thunderstorm occufrence, given an occurrence during each

of the two preceeding days.

The order of dependence of the Markov model that provides the best representa-
tion of thunderstorm sequences can be determined by use of the asymptotically

Chi-square statistic.

The null hypothesis to be tested is that, under the assumption that the
process is Markovian, the order of dependentce of the occurrence of days with
thunder is O, 1 or 2 (see Appendix B for description of test). The results

of the Chi-square test are shown on Table 1.1.
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Table 1.1

Results of the Chi-square test to determine which order of the
Markov model applies assuming the distribution is Markovian

Zero First Second
Order Order Order
- June 23,68453*x* 8.36120 3.11543
July 39,56622%%* 5,41721 4.57970
August 21,21101%* 4,59896 4.30371L
Summesr 76,39713%% 9,82338 6.18184
df 7 | 6 4

** Indicates significance at the 1 percent level,



Table 1.2

The Observed and Theoretical Probability Distributions

of ét least the Given Number of Days at

Cape Kennedy, Florida (1957-1962)

Length of Sequences in

Days

1200-1959 EST
Observed
Persistence Series
Zero Order Markov
First Order Markov
Second Order Markov

1200~1959 EST
Observed
Persistence Series
Zero Order Markov
First Order Markov
Second Order Markov

1200-1959 EST
Observed
Persistence Series
Zero Order Markov
First Order Markov
Second Order Markov

1200~1959 EST
Observed
Persistence Series

" Zero Order Markov

;
1
1
|
4
1
~
i

i
1
i

First Order Markov
Second Order Markov

1 2 3 4 5 6

10 11

12

June
., 402
9407
.402
.402
.402

. 017
.012
. 004
.024
. 027

. 229
0253
9162
229
. 229

134
. 139
.065
.130
.134

.073
. 069
.026
.074
078

. 034
.031
.011
. 042
. 046

‘July

.480
. 462
.480
.480
0480

. 342
.341
.231
. 342
0342

.248
.244
J111
.243
.248

»183
. 168
. 053
173
179

134
.113
.026
. 123
.130

. 099
074
.012
. 087
° 094

August

0374 195
o371 ,214
.374 ,140
«374 ,195
.374 195

.103
.105
.052
.102
.103

. 057
»043
.019
» 053
.0585

.029
.008
.007
.028
.029

. 011
. 003
,003
. 015
015

Summer

.422 ,259
.418 281
422 ,178
422 259
.422 259

.166
.178
+075
.160
.166

.108
.107
- 032
098
.106

- .068
.062
. 013
. 060
., 068

. 045
. 035
.006
- 037
.043

.006
° 004
. 002
. 014
0016

.068
. 046
.006
. 062
9068

027
. 019
. 002

..023

. 028

.030
.016
. 001
. 031
.036

.050
.029
9003
.044
0049

° 020
. 008
.001
.022
.026

.010
. 003
.000
.016
.019

.007
. 002

-,018 .
.010
. 001
.014
. 018

., 011
° 005
.000 ,000
.009 ,005
.011 ,007

. 004

- 000
. 003
.005

.001

.005
.001
° 000
.011
.014

. 002
. 000
. 000
. 002
003



Table 1,3

The Application of the Kolmogorov=Smirnov Test to the Maximum
Differences of the Cumulative Distribution of Sequences of

Thunderstorm Occurrences

June July Aug. Summer
Persistence Series .060 .052 .055. .056
Zero Order Markov 171 . 284 .149 .215
First Order Markov .022 .024 011 . 023
Second Order . 031 .018 . 007 .005
N-Count 72 97 65 234
a = 0,20 126 .109 .133 076

Null hypothesis:! The distribution of thunderstorm sequences
occurs according to the indicated theoretical

distributions.

All cases of the Zero Order Markov model are réjected.



The four theoretical probability distributions are compared with the
observed probability distributions of thunderstorm sequences in table 1.2
-for June, July,_August, and Summer (1200 - 1959 EST). The "Kolmogorov-
Smirnov" test [6] is employed to test goodness of fit. The null hypothesis
is that the distribution of thunderstorm sequences is represented by the
theoretical distributions discussed above. The results of this test are
shown in table 1.3. In each case, the null hypothesis for the zero order
Markov model is rejectéd at the @ = 0.20 level. We then conclude that
either the "Persistence Series," the first, or second order Markov model

is aﬁ acceptable representation of the observed data. Although the second
opder m@del.is better than the first order as shown by the results of the
Chi-square test in table 1.1, its superiority is not sufficient to warrant
the additional time and effort required for its use. The first order
Markov model is a better répresentation of the observed data than the
"Persistence Series" as shown by the results of the "Kolmogorov-Smirnov"
test in table 1.2. The first order Markov model;being the best representa-
tion of the observed data,is graphically displayed with the observed data
in figures 1, 2, 3, and I for the periods June, July, August, and Summer

(1200-1959 EST).

10.
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Table Al.1l

Total Occurrences of Thunderstorm Sequences of Exactly the Given

" Number of Days at Cape Kennedy, Florida (1957 - 1962) -

January

EST

0000
0100
0200
0300

Length of Sequences in Days

O R R L

6

1

Total

Occurrences

Count

0L00

0500

0600
0700

186

0800
0900
1000
1100

186
186

1200
1300
" 1400
-1500

- 1600
1700
1800
1900

186

2000

2100

2200

2300

186




Total Occurrences of Thunderstorm Sequences of Exactly the Given

Table Al.2

Number ‘of Days at Cape Kennedy, Florida (1957 - 1962)

February

Length of Sequences in Days Total N
EST 1 ]2 1 3} % | 5 | 6 |1 Occurrences | Count
0000 | 169
- 0100 169
0200
0300
0400
0500
0600 1 1 169
0700 1 1 169
0800
0900
1000 169
1100 169
1200 169
1300 . 169 .
1400 ' f
1500 2 2 169
. 1600 . 3 "3 169
1700 2 2 169
1800
1900 1 1 169
2000 2 2. 169
2100 2 . 2° . 169
2200 2 2 169
2300 1 1 169




Total Occurrenges<6f_Thunderstorm Sequences of Exactly the Given

Table Al.3

. Number of Days at Cape Kennedy, Florida (1957 - 1962)

March

Length of Sequences in Days Total N
EST 1 ! 2 1 3 | & | 5 | 6 | 7 Occurrences | Count
0000 2 2 186
0100 3 3 186
0200 2 2. - 186
0300 1 1 186
0400 2 2 186
0500 3 3 186
0600 2 2 186
0700 '
0800 2 186
0900 ) 3 186
1000 1 2 186
1100 1 0 1 L 186
1200 2 0 1 5 186
1300 3 1 "5 186
1400 3 1 5 186
1500 2 1 L 186
- 1600 L 4 186
1700 L 1 6 186
1800 L 1 9 186
1900 5 10 186
2000 2 1 7 186
2100 | -k 6 186
2200 5 7 186
2300 5 5 186

¢ e



Table Al.h4

Total Occurrences of Thunderstorm Sequences of Exactly the Given

" Number of Days at Cape Kennedy, Florida (1957 - 1962)

April
Length of Sequences in Days Total N
EST 1 ! 2 | 3 | & } 5 | 6 |7 Occurrences | Count
0000 2 2 180
0100
0200
0300
0400
0500 | 1° 1 180
0600
0700
0800
0900 1 180
1000 3 3 180
1100 1 1 180
1200 2 180
1300 3 3 180
- 1400 L i 180°
-1500 7 ’ 7 180
. 1600 9 9 - 180 -
1700 5 5 180
1800 6 6 180
1900 3 3 180
2000 1 1 180 °
2100 1 3 180
2200 1 3 180
2300 1 3 180




Table Al.5

Total Occurrences. of Thunderstorm Sequences of Exactly the Given

Number of Days at Cape Kennedy, Florida (1957 - 1962)

May‘
Length of Sequences in Days Total N
EST 1 ]2 | 3 | | 5 ] 6 [ 7 Occurrences | Count
0000 2 | 2 186
0100 2 2 186
0200 1 1 186
0300 1 1 186
0400 1 1 186
0500 186
0600 186
0700
0800
0900 o> 186
1000 3 '3 186
1100 L L 186
1200 3 3 186
1300 8 1 10 186
1400 10 1k 186
1500 9 2 13 186
. 1600 9 2" 1 16 187+
1700 12 L 1 23 187%
1800 10 5 20 187%
1900 6 2 10 186
2000 | 9 1 S 186
2100 | * 6 6 166
2200 7 7 186
2500 L L 186

*Includes June 1



Table Al.6 ‘ f

Total Occurrences of Thunderstorm Sequences of Exactly the Given

" Number of Days at Cape Kennedy, Florida (1957 - 1962)

June
Length of Sequences in Days Total N

EST 1 |2 | 3 1 vy T 51T 670171 Occurrences | Count

0000 2 2 180

0100 2 2 180

0200 2 L 180

0300 1 3 180

0400 1 1 180

0500 2 2 180

0600 -1 1 3 181%%

0700 1 ! - 180 .
0800 1 1 180 5
0900 )
1000 2 2 6 180

1100 8 3 1 : 17 180

1200 12 L 1 _ 23 180

1300 13 7 0 3 ke 180
1400 16 7. 0 2 , 4o 180
1500 | 22 6 1 ‘ 37 180
. 1600 16 L 3 . . 33 o 179%

1700 17 Y 1 - 28 179%

1800 12 5 o2 179% ;
1900 15 3 21 180 §
2000 9 2 13 180

2100 8 1 10 180 ; :
2200 2 2 180 o
2300 2 1 : ' : L 180 :

*Counted in May *¥¥Includes July 1



Total Occurrences of Thunderstorm Sequences of Exactly the Given

Table Al.7

Number of Days at Cape Kennedy, Florida (1957 - 1962)

July

Length of Sequences in Days Total N
EST 1 ‘l e | 3 | ¥ | 5 | 6 | 1 Occurrences | Count
0000 2 | 2 186
- 0100 2 2 186
0200 2 2 186
0300 1 1 186
0400 1 1 186
0500 1 186
0600 *%
0700 1 1 186
0800 1 1 186
0900 -
1000 5 5 186
1100 10 10 186
1200 11 b 2 . 25 186
1300 13 7 2 Y 186
1400 13 4 6 18 186
1500 | 18 8 2 0 1 56 1904
- 1600 . | 12 8 7 0 1 * 60 - 191*
1700 17 11 2 50 186
1800 17 5 1 38 186
1900 15 2 2 25 186
2000 12 - 2 ' 16 186
2100 12 . 12 . 186
2200 6 186
2300 5 186

¥*Counted in June
#Includes 4 days of August
*Includes 5 days of August



Total Occurrences 6f_Thunderstorm Sequences of Exactly the Given

Table Al.8

© Number of Days at Cape Kennedy, Florida (1957 - 1962)

August
Length of Sequences in Days Total N
EST 1 2 1 3 | | 5 ] 6 |1 Occurrences | Count
0000 8 8 186
0100 7 7 186
0200 3 5 186
0300 1 3 186
0400 2 2 186
0500 2 6 186
0600 3 7 186
0700 3 3 186
0800
0900 1 1 186
1000 1 10 186
1100 16 1 21 186
1200 1k L 2 28 186
1300 I 6 3k 186
1400 17 L 3 38 186
1500 13 L 1 ) 0 1 35 1824
. 1600 15 4 0 i 31 181%
1700 10 6 1 29 186
1800 12 L 23 186
1900 13 3 19 186
2000 | 11 1 .13 186
2100 6 8 186
2200 6 8 186
2300 7 186

#4 days counted in July

-

*5 days counted in July



Total Occurrences of Thunderstorm Sequences of Exactly the Given

Table Al.9

" Number of Days at Cape Kennedy, Florida (1957 - 1962)

September

Length of Sequences in Days Total N

EST 1 ! 2 1 3 | ¥ ] 5 ] 1 Occurrences | Count
0000 2 1 L 180
0100 5 5 180
0200 2 2 180
0300

0L00 1 1 180
0500 l L © 180
0600 L L 180
0700 6 6 180
0800 6 1 8 180
0900 10 10 180
1000 6 6 180
1100 180
1200 8 2 12 180
1300 10 0 17 180
1400 11 0 18, 180°
1500 8 5 ' 23 180
- 1600 8 ! 19 . 180 -
1700 12 1 20 180
1800 11 L 22 181%*
1900 11 R 19 181%%
2000 12 i2 180
2100 7 7 180
2200 n 1 6 180
2300 2 I 180

¥¥Includes October 1

en b e e —



Table Al.10

Total Occurrences of Thunderstorm Sequences of Exactly the Given

Number of'Days at Cape Kennedy, Florida (1957 - 1962)

October

Length of Seqguences in Days Total N
EST 1 ! e | 3 | ¥ | 5 | 6 |7 Occurrences | Count
0000 | .
0100 2 2 186
0200 3 3 186
0300 5 5 186
0400 3 3 186
0500 e 2 186
0600
0700
0800
0900 186
1000 186
1100 3 186
1200 5 5 186
1300 3 ’ . 3 186
1400 2 1 L 186
1500 3 5 186
. 1600 7 7. 186
1700 b 1 6 186
1800 L 6 185#
1900 L 6 185#
2000 1 1 3 186
2100 1. 1 . 186
2200 1 1 186
2300 1 1 186

#1 day counted in September



Table Al.11

Total Occurrences of Thunderstorm Sequences of Exactly the Given

Number of Days at Cape Kennedy, Florida (1957 - 1962)

November

Length of Sequences in Dzys - Total N

EST 1 !' e | 3 | v | 5 | 6 |1 Occurrences | Count

0000
- 0100
0200
0300

0400
0500
0600
0700

0800
0900 ’ )
1000
1100

1200 1 ' 1 180
1300 1 : 1 180
1400 ' ' '
1500 1 o 1 180

1600 . | 1 Co : SEEEN 180
1700 2 2 180
1800 1 , 1 180
1900 '

2000
2100
2200
2300




Table Al.12

Total Occurrences of Thunderstorm Sequences of Exactly the Given

- Number of'Days at Cape Kennedy, Florida (1957 - 1962)

December

EST

0000
0100
0200
0300

Length of Sequences in Days

1 ! 2 | 3 | & | 5 [" 6

l

7

Total

QOccurrences

Count

1

186

0400
0500
0600
0700

0800
0900
1000
1100

186
186
186

1200
1300
1400
1500

186

-71600
1700
1800

1900

2000
2100
2200
2300

186
186
186




Table Al.13

Empirical Probability Occurrence of Thunderstorms

Cape Kennedy, Florida (1957 - 1962)

EST Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. UNov. ‘Dec. Annual
00 ¥ .006 .011 .011 .011 .011 .01l .0hk3 .022 % * .005 .01l
01L .006 .016 ¥ ,011 .011 .011 .038 .028 .01 % * .01l
02 * ¥ ,011 % .005 .022 .011 .029 .01l .06 ¥ * .009
03 * ¥ .005 * .005 .017 .005 .016 * 0,027 ¥ * .006
ok .005 * .01l * ,005 .006 .005 .011 .006 .016 % ¥ . 005
05 ¥ ¥ ,016 .006 .01l -.011 .005 .032 .022 .011 *® * .010
06 ¥ .006  .011 005 017 ¥ .038 .o22 * % .008
07 *® .006 . % * ,006 .005 .016 .033 % % .006
08 .005 *  ,0l1 *  .006 .005 ¥ .0L4k * ® .005  .006
09 .005 ¥ ,016 .006 .011 @ * ¥ .005 .056 .005 ¥ .005  .009
10 * ,006 .011 .017 .016 .033 .027 .054 .033 .011 % .005  .018
11 * 006 .022 .006 .022 .094 .054 .113 .039 .016 % * .031
12 ¥ .006 .027 .011 .016 .128 .134 .151 .067 .027 .006 .005  .OL8
13 ¥ ,006 .027 .017 .0S54 .233 .199 .183 .094 .016 .0Q06 ¥ .070
1h * ¥ .027 .022 .075 .222 .258 .204 .100 .022 * * .078
15 % .012 .022 .039 .070 206 .295  ,192 .128 .027 .066 % .083
16 .918 .022 .050 .086 .18k .314 .171 .106 .038 .006 * .083
17 * ,012 .032 .028 .128 .156 .269 .156 .111 .032 .01l * .078
18 * * 048 .033 .107 .123 .20h .12k 122 .032  .006 % .067
19 .005 .006 .054 .017 .O5L4  .117 .134 ,102 .105 .032 * ® .052
20 .005 .012 .038 .006 ..059 .072 .086 .070 .067 .016 * * .036
21 .012 .032 .017 .032 .056 .065 .043 .039 .005 * .@$ .026

22 .012 .038 .017 .038 .011 .032 .0k3 .033 .005  *. .005 .020
23 *  ,006 .027 .017 .022 .022 .027 .038 .022 .005 *  ,005 .016

Avg. .oél' .006 .022 .013 .035 .07k .090 .078 .055 .015 .062 .002  .033

*¥No thunderstorms observed



Table Al.1lh

Total Occurrences of Thunderstorm SeQuences of Exactly the Given

" Number of Days at Cape Kennedy, Florida;(l957 - 1962)

Spring (March-April-May)

Length of Sequences in Days Total N
EST 1 ! 2 1 3 | & | 5 | o | 7 Occurrences | Count
0000 6 6 552
0100 5 5. 552
0200 3 3 552
0300 2 2 052
0400 3 3. 552
0500 6 6 " 552
0600 3 3 552
0700 |
0800 2 2 552
0900 4 6 550
1000 5 1 K 552
1100 6 0 1 9 552
1200 7 0 1 10 552
1300 1k 2 18 552
1400 17 3 23 . 552
1500 18 3 ’ 2k 552
- 1600 22 - 2 L1 29 © 553%
1700 21 5 1 3k 553%
1800 20 6 1 35 253%
1900 1k 3 1 23 552
2000 12 2 1 19 552
2100 | 11 2 15 552
2200 13 2 17 552
2300 | 10 1 12 552

*Includes 1 day from June



Table Al.15

Total Occurrences of Thunderstorm Sequences of Exactly the Given

" Number of Deys at Cape Kennedy, Florida (1957 - 1952)

Summer (June-July-August)

Length of Sequences in Days Total N
EST 1 ! e | 3 | % | 5 | o | 1 Occurrences | Count
0000 12 12 552
0100 11 11 552
0200 7 2 11 552
0%00 3 > 7 552
0400 L L 552
0500 | 5 2 552
0600 L 10 552
0700 5 5 552
0800 2 552
0900 1 552
1000 12 3 21 552
1100 | 3b 4 2 48 550
1200 37 12 5 76 552
1300 L0 20 2 3 113 552
*1400 L6 5 . 9 3 126 . 5527
1500 | 53 18 L T 0 2 128 552
- 1600 43 16 11 - o .a 12k ©551%
1700 i 21k 107 551%
1800 L1 1h '2 83 551%
1900 43 8 65 552
2000 32 5 ko 552
2100 26 2 30 552
2200 1L 1 16 552
2300 | 1k 1 16 552

*1 day counted in May



Total Océurren¢es of Thunderstorm Sequences of Exactly the Given

Table Al.16

Number of Days at Cape Kennedy, Florida (1957 - 1962)

Fall (September-October-November)

Length of Sequences in Days Total N
EST 1 ! 2 | 3 | & | 5 | e 17 Occurrences | Count
0000 2 1 | i 546
0100 7 7 546
0200 5 5 546_ _
0300 5 5 546
0400 L L 546
0500 6 6 546
0600 | L 4 546
0700 6 6 546
0800 6 1 8 546
0900 11 11 546
1000 8 8 546
1100 10 10 546
1200 1k 2 18 546
1300 1k 0 - 21 546
ko0 | 13 1 22 546
1500 12 6 0 0 1 29 - 546
- 1600 . | 16 L " 27 546
1700 18 2 28 546
1800 16 5 29 546
igoo | 15 5 25 5k6
2000 13 1 15 S5h6
2100 8- -8 546
2200 5 7 546
2300 5 546




Total Occurrences of Thunderstorm Sequences of Exactly the Given

Table Al.17

Number of Days at Cape Kennedy, Florida (1957 - 1962)

Winter (December—January—February)

Length of Sequences in Days Total N
EST 1 ! e | 3 1 ¥ | 5 ] 6 1 Occurrences | Count
0000 541
0100 541
0200
0300
0400 1 1 541
0500
0600 541
0700 1 1 541
0800 2 2 541
0900 2 2 541
1000 2 2 541
1100 1 1 541
1200 2 2 541
1300 541
1400 .
1500 2 2 541
+ 1600 3 3 541
1700 2 2 541
1800
1900 2 2 541
2000 3 3 541
2100 | 3 3 S
2200 3 3 541
2300 2 2 541




Table Al.18

‘Empirical Probability Occurrence of Thunderstorms

Cape Kennedy, Florida (1957 - 1962)

EST Spring Summer Fall Winter Annual
0000 .011 .022 .007 Nelol .011
0100 .009 .020 .013 .002 .011
0200 .005 .020 .009 * ..009
0300 .00k .013 .009 * .006
0L00 .005 .007 .007 .002 .005
0500 .011 .016 .011 * .010
0600 .005 - .018 .007 .00P .008
0700 ¥ .009 .011 .002 .006
0800 .O0k4 ,00L .015 .00k . 006
0900 .011 .002 .020 .00k .009
1000 .013 .038 .015 Nelol .018
1100 .016 .087 .018 .002 .031
1200 .018 .138 .033 .00k .048
1300 .033 .205 .038 .002 .070
1400 .0L2 .228 .0LO * .078
1500 .043 232 .053 .00k .083
1600 052 .225 - .0hk9 .006 .083
1700 .061 .19k .051 .00k .078
1800 .063 154 .053 % .067
1900 .ok2 .118 .0L6 .00k .052
2000 .034 .076 L0217 .006 | - .036

1 2100 .027 .05k .015 .006 .026
2200 .031 .029 .013 ,006 .020
2300 .022 .029 .009 .00k .016

Average .023 .081 .024 .003 .033

*No thunderstorms observed -



Table A-2.1
Total Occurrences of Thunderstorm Sequences of Exactly
the Given Number of Days at Cape Kennedy, Florida

(1957-1962)

4 Hodr Periods

EST

00-0359
04-0759
08-1159
12-1559
16-1959
20-2359

00-0359
04-0759
08-1159
12-1559
16-1959
~1-2359

00-0359

.04-0759

08-1159
12-1559
16-1959
20-2359

Léngth of Sequences in Days

1 2 3 4 5 6 7 8 9 10 11 12

Count

January

o O e kO

February

L0 LD i it

March

GO ohww
OO
et e ek

186
186
186
186
186
186

169
169
169
169
169
169

186
186
186
186
186
186




Table A 2.2
Totai Occurrences of Thunderstorm Sequences of Exactly

the Given Number of Days at Cape Kennedy, Florida

(1957-1962)

4 Hour Periods

EST

00-0359
04-0759
08-1159
12-1559
16-1959
20-2359

00-0359
04-0759
08-1159
12-1559

- 16-1959

J-2359

00-0359
04-0759
08-1159
12-1559

. 16-1959

20-2359

Length of Sequences in Days

‘N

1 2 3 4 5 6 7 8 9 10 11 12 Count
April
2 180
1 180
3 180
10 180
8- 1 180
2 1 180
May
'3 186
2 186
5 186
15 2 186
11 5 1 0 1 187
10 2 186
June
3 0 1 180
2 1 181
9 3 1 : 180
18 8 2 1 2 1 180
15 5 3 2 1 179
10 2 1 ‘180




Table A 2.3
Total Occurrences of Thunderstorm Sequences of Exactly
the Given Number of Days at Cape Kennedy, Florida

(1957-1962)

4 Hour Periods

EST

00-0359
04-0759
08-1159
12-1559
16-1959
20-2359

00-0359
04-0759
08-1159
12-1559
~7-1959
-J-2359

00-0359

-, 04-0759

08-1159

" 12-1559

. 16-1959
- 20-2359

Length of Sequences in Days

N

1 2 3 4 5 6 7 8 9 10-] 11 12 Count
July

4 186

1 185

9 1 186
13 7 2 3 3 1 0 1 192
11 8 6 2 0 1 2 191
14 2 186
August - _

9 1 186
4 2 186
16 2 1 . 186
15 5 0 2 1 1 0 0 1 180
20 5 2 0 0 1 181
15 1 186
September

4 1 180
8 180
13 2 180
15 5 0 1 1 180
12 3 3 1 181
i0 2 . 180 -




Table A 2.4
Totai Occurrences of Thunderstorm Sequences of Exactly
the Given Number of Days at Cape Kennedy, Florida

(1957-1962)

4 Hour Periods

EST

. 00-0359
| 04-0759
- 08-1159

12-1559
16-1959
20-2359

- 00-0359
1 04-0759
. 08-1159

12-1559

 *R-1959

-~ J-2359

00-0359

-04-0759

1 08-1159
-1 12-1559

116-1959
20-2359

Length of Sequences in Days

1 2 3 4 S 6 7 8 9 10 11 12

N
Count

October

NN WWa

2
1
1

November

OCNNOOO

December

H OO -

186

186
186
186

186

185
186

180
180
180
180
180
180

186
186
186
186
186




Table A 2.5

Total Occurrences of Thunderstorm Sequences of Exactly

the Given Number of Days at Cape Kennedy,

Florida

(1957-1262)

Seasonal 4 Hour Periods

EST

00-0359
04-0759
08-1159
12-1559
16-1959
20-2359

00-0359
04-0759
08-1159
12-1559
3°-1959
z _-2359

00-0359
04-0759
08-1159
12-1559
16-1959
20-2359

00-0359
04-0759
08-1159
12-1559
16-1959
20-2359

Length of Sequences in Days

N

1 2 3 4 5 6 7 8 9 {10 | 11 j12 |Count
Spring

8 552
6 552
10 0 1 550
30 2 1 559
28 7 2 0 1 553
17 4 1 552
Summer

16 1 1 552
7 3 552
34 6 2 552
46 20 4 6 6 3 0 1 1 552
46 18 11 4 1 2 2 551
39 5 1 5592
Fall

° 1 546
24 7 0 1 1 546
21 4 3 1 546
12 3 546
Winter

2 541
2 541
3 541
4 541
> 541
5 541




Table A 2.6
Total Occurrences‘of Thunderstorm Sequences of Exactly

the Given Number of Days at Cape Kennedy, Florida

(1957-1962)

8 Hour Periods

- EST

00=0759
04-1159
08-=1559
12-1959
16=2359

00-=0759
04-1159
08-1559
12-19859
16=2359

. 00~-0759
04-1159
08-1559
12-1959
16-2359

00-0759

04-1159 -

08-1559

12-1959 .

16-2359

Length of Sequences in Days

N
1 2 3. 4 5 6 7 8 9 10 11 12 Count
January
1 186
2 186
1 186
1 186
1 186
February
2 169
2 169 |
4 169
5 169
5 169
March
3 186
4 0 1 186
6 0 1 186
12 1 1 186
8 3 1 .186
April ‘
3 . 180
4 180
8 2 180
12 1 180
2 180



e e e de

Table A 2.7

Totai Occurrences of Thunderstorn Sequences of Exactly

the Given  Number of Days at Cape Kennedy, Florida

(1957-1962)

. 8 Hour Periods

EST

00-0759
04-1159
08-1559
12-1959
16-2359

00-0759
04-1159
08-1559
12-1959
16-2359

v0-0759
04-1159
08-1559
12-1959
16-2359

© 00-0759

04-1159

08-1559.

12-1959
16-2359

Length of Sequences in Days

N

1 |2 4 |5 |6 |7 | 8 l o |10 | 11 |12 |count
May

5 ’ 186
7 186
17 2 . 186
10 8 1 1 1 187
15 5 1 0 1 187
June B

4 1 1 ) 181
-9 2 1 1 181
16 - 8 4 1 2 1 180
14 6 4 4 1 1 1 179
14 4 5 2 1 179
July

S 185
8 1 185
13 7 2 3 3 1 0 1 192
9 6 3 3 1 2 0 2 0 1 202
12 8 6 2 0 1 2 191
August

10 3 " 186
18 4 0 1 186
15 5 2 2 1 1 0 0 1 180 .
15 8 3 2 1 2, 174,
24 4 3 0 0. 1

181




Table A 2.8
Total Occurrences of Thunderstorm Sequences of Exactly
the Given Number of Days at Cape Kennedy, Florida

(1957-1962)

‘8 Hour Periods

EST

00-0759
04-1159
08-1559
12-1959
16-2359

00-0759
04-1159
08-1559
12-1959

. 16-2359

00-0759
04-1159
08-1559
12-1959
16-2359

00-0759 -
04-1159

08-1559
12-1959
16-2359

Length of Seguences in Days

- N
1 2 3 4 5 6 7 8 9 10 11 12 Count
September
10 1 180
15 3 180
20 7 0 1 0 1 180
12 4 6 0 1 178
13 2 4 1 181
Oc tober '
6 186
6 186
7 2 186
7 2 1 184
8 1 185
November
0 180
0 180
2 180
4 180
2 180
December ) '
1 . 186
1 "~ 186
2 186
1 - 186
1 186



Table A 2.9

Totai Occurrences of Thunderstorm Sequences of Exactly

the Given Number of Days at Cape Kennedy, Florida

(1957-1962)

Seasonal 8 Hour Periods

EST

: 00-0759
. 04-1159

08-1559
12-1959
16-2359

- 00-0759

04-1159

 08-1559
12-1959
. 16-2359

. 00-0759

. 04-1159

08-1559

- 12-1959
16-2359

00-0759

- 04-1159
- 08-1559
.12-1959

[}
1

Length of Sequences in Days

16-2359 °

N

1 2 3 4 5 6 7 8 9 10 11 12 Count
Spring
11 552
15 0 1 552
31 4 1 : 552
34 10 2 1 i ‘553
32 10 2 0 1 553
Summer

19 4 1 552
35 7 1 2 552
44 = 20 8 6 6 3 0 1 1 552
38 20 10 9 3 S 1 2 0 1 0 1 955
50 16 14 4 1 2 2 551
Fall

16 1 546
21 3 546
29 9 0 1 0 1 546
23 (3] 7 0 1 542
23 3 4 1 546
Winter .

4 541
S5 . . '541
7 - 9541
7 541
7 541




Table A 2,10
Total Occurrences of Thunderstorm Sequences of Exactly
the Given Number of Days at Cape Kennedy, Florida

(1957-1962)

Daily by Month

EST

00-2359
00-2359
00-2359
00-2359
~0-2359
00-2359
00-2359
 00-2359
00-2359
00-2359
3'00—2359

00-2359

Length of Sequences in Days

N

1 2 3 4 5 6 7 8 9 10 11 12 Count
January .

3 186
February

7 1 -169
March

9 6 -1 187
April

10 S 179
May

10 8 2 1 1 1 187
June .

11 6 4 4 2 2 1 180
July

9 6 4 3 1 2 0 _ 2 0 1 0 1 203
August

15 7 3 3 1 1 .3 175
September _

12 8 5 2 0. 1 175
October . :

8 3 2 184
November

4 180 .
December oo

.186

2 1




Table A 2.11

Total Occurrences of Thunderstorm Sequences of Exactly

the Given Number of Days at Cape Kennedy, Florida

(1957-1962)

Déily by Season

EST

00-2359

00-2359

00-2359

00-2359

Length of Sequences in Days

N

1 2 3 4 5 6 7 8 9 10 11 12 Count
Spring

29 19 3 1 1 1 553
Summer

35 19 11 10 4 5 4 2. 0 1 Q 1 558
Autumn )

24 11 7 2 0 1 539
Winter

12 2 541



TPable A3.1

Empirical Conditional Probability of Thunderstorm Occurrence

Cape Kennedy, Florida (1957 - 1962)

k additicnal consecutive occurrences

0000~ . :
0359 EST 1 2 3 L 5 6 | 7 | 8 | 9 10 11 12
January
i=0 Noloccuryences
February
1=0].006
March i=0{.016
April  i=0{.011
May i=0}{.016
June i=0|.033 | .011 | .006
1{.333 | .167
21.500 ‘
July i=01.022
August 1i=0}.059 .005
1(.091
September
i=0{.033 | .006
1}1.167
October i=0].027
November Nd occurpences
December : .
i=0 [.005

( 1 given consecutive occurrences




Table A3:2
Empirical Conditional Probébility of Thunderstorm Cccurrence

Cape Kennedy, Florida (1957 - 1962)

okoo- , "* ¥k additicnal consecutive occurrences

0759 EST - 4 o I3 & s 6 | 7 1 8 1| 9 10 11

January

i=0 { .005
February

i=0 | .006

March i=0 | .016
April i=0 | .006
May i=0 | .011

June i=0 |.022 | .006
11.250

July i=0 |.005

August i=0 |.043 | .011

1l 1].250
2ptember
i=0 |.O4k
October
i=0 |.016
November No occprrences
December No occurrences

( 3 given consecutive occurrences)




Table A3.3
Empirical Conditionzal Probsbility of Thunderstorm Occurrence

Cape Kennedy, Florida (1957 - 1962)

0800- N ' © k additional consecutive occurrences
. : - ~ . .
1159 BST 1 2 3 1L 5 -6 7 8- 9 10 11
January
i=0 | .005
February
i=0 | .006

March i=0 {.027 |.011 | .005
1 |.400 |.200
2 |.500
April i=0 |.017
May  1=0 |.027

June i=0 |.100 |.028 | .006

11.278 1.056
2 1.200
July '1=0 |.059 [.005
: 1 |.091
August i=0 |.124 |.o22 | .005
1 ].174 |.043
2 1.250
-‘SBeptember )
i=0 |.094 j.011
1 {.118 : .
October
i=0 [.016
November No obcﬁrrénces
December
i=0 .005

(i given consecutive occurrences)




Empirical Conditional Probability of Thunderstorm Cccurrence

Table A3.4

Cape Kennedy, Florida (1957 - 1962)

. k additicnal consecutive occurrences

1200~ _ ,
1559 EST | -4 2 |3 L 5 6 |7 | 8 19 1w |0 12
January
i=0 No| occuripences
February
i=0 | .018
March i=0 {.0k3 | .011 | .005
1 }.250 | .125
2 |.500
April i= .056
May i=0 |.102 | .01l
1 .105 _
June i=0 |.333 | .156| .078 |.oLkk]| .022 |.006
1 .67 | .233|.133 |.067} .017
2 |.500 | .286 | .143 |.036| .
3 1.571 | .286 | .071
L {.500 | .105
5 |.250
July i=0 }.385 | .229 | .141 |.089{ .Ook7 |.021 | .010{ .005
1 |.595 2365 { .230 |.122 .054 {.027 .01k
2 |.614 | .386 |.205 {.0911 .045 }.023
3 |.630 | .333|.148 [.0o74| .037
L {.529 | .235 |.118 [.059
5 .4k | o221 .112
6 1(.500 | .250
7 |.500
August . _ R g
i=0  |.294% | .156 {.100 {.O72 | .04k {.028 | .017| .011/.006
1 }.528 | .340 {.2Lk5 |.151 1 .094 {.057 | .038 1} .019
2 |.6k3 | 464 | .286 }.179 | .107 J.071 | .036 ‘
3 |.722 Ly | 278 1,167 | .111 |.056
L 1.615 .385 |.231 .15k} .077
5 |.625 ] -375 |.250 |.125
6 |.600 | .40o0 |.200
7 1-667 |.333
8 }.500

( i given consecutive occurrences)




Empirical Conditional Probability of Thunderstorm Occurrence

Table A3.h ( cont)

Cape Kennedy, Florida (1957 - 1962)

k sdditicnal consescutive occurrences

1200-
1559 EST
September
i=0
1
2
3
L
October
i=0
1
November
i=0
December
i=0

S 2 3 L s ¢ 7 1819 |1w|mn 12
.189 |.067 | .028 | .017| 006

.353 |.147 | .088 | .029

a7 .250 | .083

.600 |.200

.333

.059 |.011

162

.011

.005

( i given consecutive occurrences)




Table A3.5
Empirical Conditional Probability of Thunderstorm Occurrence

Cape Kennedy, Florida (1957 ~ 1962)

1600- B ’ "k additional consecutive occurrences

1959 EST 1l el 31 ] st e 718 9]0

January
i=0 | .005
February
i=0 | .02k
March i=0 |.075 |.016 | .005
1 |.214 |.071
2 1.333
April i=0 }.056 |.006
1 1{.100
May i=0 |.155 |.059 | .021 }.011{ .005
11.379 {.138 | .069 |.034
2 1.364 {.282 | .091
3 |.500 }.250
4 }.500
Tyne  i=0 |.263 |.117 | .056 [.022| .006
1 .47 o233 | .085 |.021
2 |.k76 1.190 | .048
3 [.400 [.100
4 1.250
July i=0 |.382 [.225 |.126 |.068 ) .0k2 [.026 | .010
1 {.589 {.329 |.178 |.110| .068 [.027
2 [.558 (.302 |.186 [.116| .0h7
3. |.542 |.333 |.208 |.083
4 1.615 [.385 |.154
5 |.625 1.250
6 {.400 |

Auvgust i=0 {.232 [O77 033 [.017 { .011 .006

1 1.333 143 |.071 |.048 | .02L
2 k29 leihk }.ak3 o7

3-{-500 [.333 |}.167

y 1.667 |333

5

500

( i given consecutive occurrences)



Table A3.5 (cont)
Empirical Conditional Probability of Thunderstorm Cccurrence

Cape Kennedy, Florida (1957 - 1962)

1600- C - . .~ ¥ additional consecutive occurrences _
1959 EST 1 2 3 L 5 6 | 1 8 9 | 10 | 11 12
September !

i=0 | .171 |.066 [.028 | .006

11.387 |.161 |.032
2 |.k17 [.083
3 |.200
October
i=0 | .ok9 |.005
1.11)
November
i=0 |.011

Decenber " No |ocecurrences

( i given consecutive occurrences)»




Empirical Conditional Probability of Thunderstorm Occurrence

Table A3.6

Cape Kennedy, Florida (1957 - 1962)

2000~ k additicnal conseculive occurrences
2359 EST 1 > 3 ) s ¢ "7 1 8 19 ]w|mn 12
January
i=0 { .005
February
i= 0018
March i=0 |.054 |.016 |.005
"1 }.300 }.100
2 1.333
April i=0 |.022 [.006
1 {.250
May i=0 {.075 {.011
1 [.143 =
June i=0 |.094 |.022 006
1 1.235 {.059
2 ].250
udly i=0 0097 .Oll
1 (.111
Auvugust i=0 [.091 [.005
1 [.059
September
i=0 [.078 |.011
1 [.143
October
i=0 |.022 1{.005
"1 1.250
November No occu:fences.
| December _ .
i=0 }.005

( i given consecutive occurrences)




Table A3.7
Empirical Conditional Probability of Thunderstorm Occurrence

Cape Kennedy, Florida (1957 - 1962)

. 0000~ o o ' k additicnal consecubive occurrences

}

0359 EST 1] 2| 31 & s 6 7 1 8 |91 | n

Spring i=0 ! .014

Summer i=0 { .038 |.005% .002
14 .143 |.048

21.333

Autunn i=0 | .020 {.002
11}.091

Winter i=0 | .00L

0400~
0759 EST

Spring i1=0 |} .01l

Summer i=0 |.02L4 [.005
1l1.231

atunn i=0 |.020

Winter i=0 |.00L

0800~
‘1159 EST

Spring i=0 |.024 |.00L4 | .002

1 |(.15% |.077
2 |.500°
Summer i=0 |.094 [.018 | .00k -
1 {.192 {.038 .
2 {.200

Autumn i=0 |.037 |.00k
1 |.200

Winter i=0 [.005

( i given consecutive occurrences)




Table A3.7 (cont)
Empirical Conditional Probability of Thunderstorn Occurrence

Cape Kennedy, Florida (1957 -_1962)

1200~ . k additional conseculive occurrences
1559 EST N o 3 I s e 7 18 | 91w |mn 12
Spring i=0; .057 |.007 {.002
1} .108 |.027
2| .250 |
Summer i=0}.339 [.181 [.107 |.069] .038 |.018 |.009 {.005 [.002
1| .535 [.316 {.203 | .1l12} .053 |.027 |.016 {.005
2} .590 |.360 {.210 |.100| .050 [.030 |.010
- 3}.644 |.356 1.169 |.085| .051 |.017
4i.553 |.263 [.132 |.079| .026
5{.476 |.238 [.14k3 |.0L8
6{.500 {.300 [.100
71.600 |.200
8 .333
Autumnn  1=0(.086. [.026 009 {.005| .002
1{.298 |.106 06k |.021
21.357 [.214 Lo71
3{.600 [.200
L1.333
wenter 1=01].007
1600~
1959 EST
Spring i=01{.096 [027 {009 |.00k4 | .002
‘ 1{.283 Look {038 1.019
2].333 |.133 [.067
- 31.400 |.200
L .500
Summer i=0}.294 }.1k2 073 |.036] .020  |.011 |.o0k
11.481 }.2k7 123 |.068{-.037 l.012
21.513 |.256 |1kl {.077| .026
3}.500 |.275 1150 {.050
41.550 {.300 L100
-51.545 [.182
61.333
Auttmn - i=0 {.O077 | .024 |.009 1.002
11310 [.119 |.02h )
21.385 | .077
3 1.200
Winter 1=0 |.009

( i given consecutive occurrences)




Table A3.T7 (cont)
Empirical Conditional Probablility of Thunderstorm Occurrence

Cape Kennedy, Florida (1957 - 1962)

- 2000~ o o , k additional consecutive occurrences
2 EST . B - :
399 1 2 3 L 5 6 T 8- 9 10 §-11 12

Spring i=0 | .051 |.011 {.002
1].214 }.036

Summer i=0 | .094 [.013 |.002
11.135 |.019
2 |.143

Autumn i=0 [.033 |.005

Winter i=0 {.009

( i given consecutive oceurrences)




Empirical Conditional Probability of Thunderstorm Occurrence

Table A3.8.

Cape Xennedy, Florida (1957 - 1952)

0000~
0759 EST

k additicnzl consecutive ccecurrences

vl s e |7 |8 |9

10

11

12

January
i=0

February
i=0

March i=0
April i=0

May i=

September
i=0
1

October
i=0

November

December
i=0

.005

.012
.016

.017

050
-333
-333

027

.086
.188

.067
.083

.032

No

.005

027

017
.111

.016

.006

occurr

.006

ences

( i given consecutive occurrences)




Table A3.9
Empirical Conditional Probability of Thunderstorm Occurrence

Cape Kennedy, Florida (1957 - 1962)

0L00- ] a k additional consecutive occurrences
January
February
i=0 | .012
March i=0 |.038 [.0l1 .005
"1 }.286 |.143
2 |.500

April i=0 |.022
May i=0 |.038

June i=0 [.110 |.039 | .017 |.006
1 }.350 {.150 | .050

2 |.k29 |.1L43
3 1333

1y i=0 {.054 |.005
1 {.100

August i=0 |.161 [.038 | .011 |.005

1 {.233 [.067 | .033
2 |.286 |.1b3
3

.500
September ' ' .
» i=0 [.117 [.017
1 §.14k3

October

7i=0 }.032
November No geccurrepces
December

i=0 [.005

( i given consecutive occurrences)




Table A3.10
Empirical Conditional Probability of Thunderstorm Occurrence

Cape Kennedy, Florida (1957 - 1962)

‘0800~ B o ' - k adaitional consecutive occurrences
1559 EST 1l 2l 31 8] 5 tet 7l e |lolwwln
January
i=0 | .005
February
March i=0 {.0k8 |.011 {.005
1] .222 |.111
2 |.500
April i=0 |.067 {.011
1 |.167
May i=0 {.113 |.011
11.095
June i=0 [.356 {.178 . .089 {.OkLk| .022 |.006
11{.500 [|.250 | .125 |.063} .016
2 |.500 {.250 | .125 |[.031
3 1.500 {.250 | .063
Y 1.500 [.125
5 |.250
July 1i=0 [.385 [.229 |.1k1 |.089| .0k7 |.021 | .010} .005
1 {.595 [.365 |{.230 [.122| .054 [.027 | .01k
2 .61k [.386 :.205 |.0911} .o45 |.023
3 {.630 [.333 |.148 {.07k{ .037
L |.529 |.235 {.118 {.059
5 {.hkh |opp | .111
6 {.500 {.250
7 1.500
Avgust 120 (.328 [.i78  |.111.[.072 | .ok l.028 | .017 | .011| .006
1 |.542 L339 (220 |.136|.085 |.051 | .034k | .017
2 [.625 [b05 [.250 [.156 | .094 [.063 | .031
3 [.650 kOO |.250 [.150 | .100 [.050
L [.615 {385 .231 {.154 | .077
5 [.625 L375 |.250 [.125
6 [.600 [LoO |.200
7 |-667 1333
8 1.500 -

( i given consecutive occurrences)




Empirical Conditional Probability of Thunderstoria Occurrence

Teble A3.10 (cont)

Cape Kennedy, Florida (1957 - 1962)

0800- k additional consecutive occurrences
1559 EST 1l 21 34|l s e 7 |8 9] |ae
September ,
i=0 |.244 |.083 | .033 | .022| .011 |.006
1 {.341 [.136 | .091 |.Oh5| .023
2 |.hoo |.267 | .133 |.067
3 {.667 |.333 | .167
L |.500 }.250
5 1.500
QOctober
i=0 [.059 {.011
1 {.182
November
i=0 |.011
December
i=0

011

( i given consecutive occurrences)




Table A3.11
Empirical Conditional Probability of Thunderstorm Occurrence

Cape Kennedy, Florida (1957 - 1962)

1200~ . ‘ , ‘ k additionzl consecutive occurrences
1959 EST 1 2 3 L 5 6 | 7 | 8 | 9 |10 |10 12
January
i=0 | .005
February
i=0 | .030
March i=0 {.091 |{.016 | .005
11({.176 {.059
2 1.333
April i=0 |.078 |.006
11{.071
May i=0 {.203 |.091 | .032 |.016| .005
1 |.hkb47 |258 | .079 |.026
2 }.353 |.176 | .059
3 {.500 }.167
L 1.333
June i=0 |[.402 |.229 | .13k {.073| .034 }|.017 | .006
1 }.569 |.333 |.181 |.083| .ok2 |[.01k4
2 [.585 [.317 |.146 |.073] .02k
3 |.5h2 {.250 |.125 |.Ok2
k l.462 [.231 |{.077
5 |.500 {.167
6 |.333
July i=0 |.480 [.342 |.248 |.183 .134 {.099 | .069 { .050| .030; .020 |.010 | .005
-1 [.711 515 | .381 |.278 | .206 |.1kk | 103} .062 | .0bk1 .021 |.010 '
2 |.725 .}.536 {.391 {.290 | .203 |.1k5 | .087 | .058 | .029| .01k
3 {.740 [.540 |.400 }|.280 | .200 [.120 | .080 | .0LkO | .020
b o730 Lokl | .378 l.270 | .162 |.108 | .O5L4 {.027
5 {741 519 |.370 |.222 | .148 Lo7k | .037 | ¢
6 |.700 {.500 {.300 |.200 | .100 {.050
7 1.71% ko9 1.286° |.143 | .071
& |.600 [L4o0 |[.200 },100
9 [.667 {333 |.167-
10 {.500 |.250
11 {.500

( i given consecutive occurrences)




Table A3.11 (cont)
Empirical Conditional Probability of Thunderstorm Occurrence

Cape Kennedy, Florida (1957 - 1962)

21200~ EST k additional consecutive occurrences
1 : i - ,
959 1 2 3 L 5 6 7 8 9 10 11 12
August i=0 1 .37k | .195 .103 | .057| .029 |.011
11.523 |.277 | .15k {.077] .031
21.529 |.294% | .1k7 |.059
31].556 {.278 | .111
4 | .500 |.200
5 | .400
September
i=0 | .242 |.112 .051 | .011| .006
1 ].465 |.209 | .047 |.023
2 |.450 [.100 | .050
3 |.222 (.111
4 [.500
October _
*i=0 |.076 {.022 | .005
1 1.286 |.071
2 {.250
“"WNovember '
i=0 {.022
December
i=0 |.005

( i given consecutive occurrences)_




Empirical Conditional Probability of Thunderstorm Occurrence

Cape Kennedy, Florida (1957 - 1962)

Table A3.12

1600~ k additicnal consecutive oeccurrences
2359 BST 1] 2 31 v s te 7 '8 19w |1 |
January
"3=0 | .005
February
i=0 | .030
March i=0 |.001 |.027 .00%
1|.294% {.059
2 |.200
April i=0 .072' .011
1 1.154 |
May  1=0 |.176 |.059 | .01 |.011] .005
1 1.333 |.121 | .061 {.030
2 }.364 [.182 |.091
3 [.500 [.250
4 |].500
June i=0 [.279 [.134 |.067 {.022| .006
1 {.180 {.240 |.080 }.020
2 1.500 |.167 |.Ok2
3 }.333 1.083
4 }.250
July i=0 {.387 |.225 |.126 |.068 | .042 | .026| .010
1 {.581 [.324 |.176 |.1081] .068 | .027 )
2 1.558 [.302 |.186 |.116| .OhT
"3 |.542 |.333 |.208 |.083
4 [.615 (.385 |.154
5 [.625 [.250
-6 [.koO
August i=0 [.260 [.083 |.032 {.017 | .011 [.006
1 {.319 [.1k9 |.06k |.0L3 {.021
2 [.b6T7 200 |.133 |.067
3 Lhpg 1286 |.1h3
L 667 [.333
5 1.500

( i given consecutive occurrences)




Table A3.13
Empirical Conditional Probability of Thunderstorm Occurrence

Cape Kennedy, Florida (1957 -~ 1962)

0000~ - ' ‘ k additional consecutive occurrences

0759 EST 1 2 3 L 5 6 | 7 | 8 19 |10 | 11

Spring i=0 | .020
Summer i=0 | .054 |.011 [.002
11].200 |.033
2 1.167

Autunn i=0 |{.033 |.002
1 |.056

Winter i=0 |.007

0400~
1159 EST

Spring i=0 [.033 | .00k | .002
1 ].111 | .056
2 1.500

Summer i=0 |.109 | .027 |.009 |.00k
1 {.250 | .083 |.033
2 {.333 | .133
3 |.400

Autumn i=0 |.04k9 | .005
1l j.111

Winter i=0 }.009

0800~
1559 EST

=0 | .076 | .011 |.002
1 | .13 .02k
2 | .167

Spring I

( i given consecutive occurrences)




Empirical Conditional Frobability of Thunderstorm Occurrence

Table A3.13 (cont)

Cape Kennedy, Florida (1957 - 1962)

0800~ EST' k additional consecutive occurrences
1599 1 2 3 L 5 6 7 8- 9 10 11 12
Summer i=0 ! .357 | .196 |.11k [.069 | .038 018 | .009 |.005 |.002
1| .5481.320 |.193 |.107 |.051 [025 | .015 }.005
2 | .583{.352 |.194% {.093 | .06 1028 | .009
3 | .603|.333 |.159 |.079 |.0kE 016
b | .553|.263 |.132 |.079 | .026
5 | 476 ] .238 |.143 [.0L®
6 | .500}.300 }.100
7 | .600 | .200
8 1 .333
Autunn i=0 | .104 |.031 |.011 [.007 | .00k LCO2
1 | .298 | .105 {.070 |.035 |.018
2 {.353.235 {.118 [.059 .
3 | .667 |.333 {.167 ‘
4y | .500 | .250
5 | .500
Winter i=0 013
C 200~ }
1959 EST
Spring i=0 | .132 |.0k2 |.013 }.005 |.002
1 |.315 {.096 |.0ok1 [.014
2 | .30k {.130 |.043
3 | .29 |.1k3
ko 1.333.
Summer i=0 | .h22 |.259 |.166 [.108 |.068 |.0k5 |.027 |.018 |.011| .007| .0O4 |.002’
: 1 |.615 |.393 |.256 |.162 |.107 |.06Lk |.ok3 |.026 |.017| .009 | .OOL
2 |.639 |.b17 {.264 a7k {.104 |.069 |.OLk2 {.028 |.01k4| .007
.3 |.652 {.h13 {.272 1163 {.109 |.065 |.ok3 1,022 |.011
Y |.633 |.b17 .250 L2167 |.100 |.06T7 |.033 {.0LT
5 |.658 {.395 |.263 158 |.105 [.053 |.026
6 |.600 |.k00 {.2k0 1160 |.080 |.OkO
7 |.667 |.hoo [.267 1133 |.067
8 |.600 {.400 |.200 100 o
9 |.667 |.333 }[.167
10 | .500 |.250
11 | .500
Autumn i=0 |.113 |.okk [.018 Look }.002
1 {.393 {.164 [.033 L0166 |-
2 L7 1,083 .ok
? .200 |.100
¢ _1.500 |

( i given consecutive occurrences)




Table A3.13 (cont)
Empirical Conditional Probability of Thunderstorm Occurrence

Cape Kennedy, Florida (1957 - 1962)

1200~ ’ : . . Xk &dditicnzl consecutive occurrences

EST " ,
1959 1 2 3 L 5 6 7 8- 9 10 11

Winter i=0 !} .013

1600-
- 2359 EST

Spring i=0 |.11k |.033 |.009 |.o0k| .002
1|.286 |.019 [.032 |.016
2 1.278 |.111 |.056
3 |.400 |.200
4 |.500°

Summer i=0 |.310 {.149 078 |.036| .020 |.011 |.OOk
1 |.480 {.251 L2117 |.064} .035 |.012
2 |.524 l.okh {13k [.073( .02k
3 |.465 [.256 |.1k0 |.oh7
4 1.550 {.300 {100
5 {.545 l.182
6 1.333

wtunn i=0 {.082 |.026 011 }.002

0

1 {.311 |.133 Lo22
2 {.h29 L0721

3 {.167

Winter i=0 |.013

( 1 given consecutive occurrences)




Table A3.1h4
Empirical Conditional Probebility of Thunderstorm Occurrence

Cape Kennedy, Florida (1957 - 1962)

0000~ - ' ' k sdditicnal consecutive occurrences
2359 EST 1| 2| 31 4| s 167 18 9o l1w|nn |
January
"i=0 | .016
February
i=0 | .053 |.006
1].111
March 'i=0 |.128 |[.0k3 [.005
1].333 |.0Ok2
2.1.125
April i=0 {.112 {.028
1 |.250
May i=0 {.251 |.128 059 |.032| .016 |.005
1 }.511 {.234% 128 {.064| .021
2 {.bs8 [.250 (125 |.Ook2
3 |.545 |.273 |o91
L t.500 |.167
5 [+333
June i=0 [.444 [.278 172 |.100| .050 |.022 | .006
1 }.625 [.388 (225 1.113| .050 |.013
2 |.620 [.360 [.2180 |.080]| .020
3 1.581 |.290 [.129 |.032
L 1.500 |.222 |.056
5 {.k4L {112
6 |.250
July i=0 |.k93 }|.350 {251 |.182] .133 |.099 |.069 | .049{.030| .020 [.010 | .005
1 ].710 [.510 370 |.270} .200 |.1LO [.100 | .060{.0k0 | .020 |.010
2 |.718 [.521 [.380 |.282| .197 |.141 |.085 |..056{.028| .01k
3 1.725 [.529 [.392 |.275| .196 }.118 [.078 | .039}.020
L t.730 {.541 [.378 |.270| .162 |.108 |.054 | .027
5 |.781 }.519 [.370 |[.222} .148 |.07h |.037 '
6 {.700 [.500 [.300 |.200| .100 {.050
7 |74 429 286 1.143| .071
8 {.600 {.ko0 |200 |.100
9 {.667 {.333 . 167
10{.500 [.250
11|.500 |- -

( i given consecutive occurrences :




Table A3.14 (cont)
Ermpirical Conditional Probabllity of Thunderstorm Occurrence’

Cape Kennedy, Florida (1957 - 1962)

0000~ 1o o : 'k additional consecutive occurrences

2359 EST 11l 21 31 vl s letqleloglw]|n

A69 |.280 {.177 | .11k} 069 {.OkO |.O1T
.598 {.378 |.2kh | .146] .085 |.037

August 1

=0
1
2 1.633 |.b08 [.245 | .1h43] .061
31.645 |.387 |.226 | .097
L1 .600 |.350 {.150
5 |.583 |.250
6 | .k29
September
i=0 | .326 |.166 |.07hk |.029]| .011 |.006
11|.509 |.228 [.088 |.035| .018
2 |.kh8 f.172 |.069 |.034 :
3 1.385 |.15% 077 )
L {.k00 |.200
5 }.500
October
i=0 }.109 |.038 [.011
1 |.350 {.100
2 |.286
November
i=0 |.022
December
i=0 |{.022 }.005
1 {.250

( i given consecutive occurrences).




Table A3.15
Empirical Conditional Probability of Thunderstorm Occurrence

Cape Kennedy, Florida (1957 - 1962)

0000~ 3 ' - - k additicnz2l consecutive cccurrences

2359 EST 1 o 3 ) s L6 |7 8 | 9|10 | 11 12

Spring i=0 }!.165 {.067 |.022 | .011| .005 |.COQ2
' 1|.4%07 }.132 [.066 |.033| .011
2 |.324 {.162 [.081 |.o27
3].500 l.250 [.083
4 |.500 |.167
51.333

0

k70 1.305 1203 |.134| .086 [.056 |.032 |.018 |.011 | .007 | .00k |.0O2
1 |.649 |.hk31 |.286 |.183] .118 |.069 |.038 |.023 |.015 | .008 | .00k
2 |.665. .1 282 |.182 .106 {.059 |.035 |.02k {.012 | .006
3 [.66k {.ho5 o7k [.159{ .088 [.053 [.035 [.018 {.009

L .64 [.b13 L2ko |.133| .080 {.053 |.027 }.013

5 |.6k6 1.375 1208 |.125) .083 |.ok2 |.o21 ’
6 |.581 |.323 'L19k |.129| .065 |.032

7 1.556 {.333 |222 |.111] .056

8 [.600 |.400 [200 {.100
9 |.667 [.333 167
10}.500 |.250
111.500

autumn  i=0 [.150 [.067 [028 |.009{ .00k |.002
1 f.hbl 1,185 Loé2  |.o25 | .012
2 1417 l.139 Los6 | .028
3 1.333 [.133 067

L 1.koo |.200

5 [.500

Winter i=0 ].030 |.00k
1 .125

( i given consecutive occurrences)



PR

Table Al.1
Frequency Distribution of Maximum Wind Speeds

Observed with Thunderstorms at Cape Kennedy, Florida (1957-1962)

gggg- EST|Jan.! Feb.| Mar. | Apr. | May | June! July | Augz. | Sept.| Oct.| Nov. |Dec.
| 19-2k kt 1 5 3 0| 15 | 20 18 13 2 1

25-27 kt | 1 1 3 |1 21 5 6 5 3

28-31 kt | 1 2 It 2 1 L 6 6 5

32-L6 kt 1 3 L L 8 5 5 5 1

1200~

1959 EST

;;E;;;:-_ Wy 7 )22

10-11 kt 11 8 6

12-1h kt 11| 18 12

15-18 kt 9| 13 10

19-2L4 kt 12| 19 1k

25-27 kt 5 6 5

28-31 kt Ll s L

32-46 kt 71 5 L




APPENDIX B



Testing Procedure for Order for Markov Chains

Adotevi-Akue et al [1] have shown that the appropriate forms of the
asymptotically Chi-square statistic as derived by Billingsley [2] for
testing the order of Markov cheins (with two states and 4-day sequences)
are:

For zero order,

fa....a_, fa
i 3 4.\ 5
x* =% (fay...a, - 7 )
8.8
1
% fal...a8 fa4

with 7 degrees of freedom where the f's are the sequence frequencies

and N is the total number of transitions.

For first order,
' fa,...a, fa_a .

1 374
2 _ _ 2
X2 = 2% (fa,...a, o ,)
B8y . 3
fal...a3 2z,
fa3
with 6 degrees of freedom.
For second order,
2 _ - 2
X —;l i (fa a, -~ fa,...a_ fa, %)
b 4
fa2 ag
fa_...a fa ...a
1 3 2 4
fez ag

with 4 degrees of freedom.

Degrees of freedom are determined by the relation
L+ +
af = (St 1 - St) - (SI' 1 - SI')

vhere 3 is the number of outcome, t is the number of days in the sequence

minus one and r-is the order of the model.



Sample Calculations of Chi-square

The following frequencies were extracted from 6 years, 1957-1962, of
data at Cape Kennedy, Florida for the summer season. The time period
is 1200 - 1959 EST. The M—day'sequences beginning on each day of the

summer period were tabulated yielding a total of 552 frequenciés for

the 6-year period.

Sequence Frequency Sequence Freguency
NNNN - 138 TNNN 38
NNNT 37 TNNT 20
NNTN 23 TNTN 12
NNTT 33 TNTT 19
NTNN Y TTNN 37
NTNT 16 TTNT 15
NTTN 20 TTTN 31
NTTT 32 ITTT 29

The letter "T" denotes thunderstorm occurrence and "N" non-occurrence.

If it is desired to test the above sequences for first order the appropriate

statistic would be summed over the 16 sequences. For example, if we denote

A as the centributum of each individual sequence to the total Chi-squére, the

(175) (235) |
o= (138 - 223 ) = 0.895526

(175)(2%5)

T 325

A value for the first sequence (NNNN) would be:

where

v = ; oo = 5 = 23%5; T = 32
fal a, 138; fal a, 175; faSa4 353 a_ 323



The Chi-square value is,

16
¥ =2 A= 9.82338
i=l
The null hypothésis tested is that within the assumption that the process
is Markovian, the order of dependence is one. Interpretation as to ‘the

significance of the above Chi~square value cannot be made until the results

of the zero and second order tests can be evaluated.
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